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(54) Producing thermoplastic elastomers having alternate crystalline structure 


| (57) A method of preparing a thermoplastic elastomer having A blocks and at least one B block, wherein said 
A blocks are crystalline at temperatures below about 60*C and said B block is amorphous at temperatures 
above about -20"C, said A blocks each being polyethers derived from monomers of oxetane and its derivatives 
and/or tetrahydrofuran and its derivatives, the method comprises 

providing monofunctionai hydroxyl terminated A blocks which are crystalline at temperatures below 
about 60*C and separately providing di-, tri- or tetrafunctional hydroxyl terminated B blocks which are 
amorphous at temperatures above about -20*C, 

end-capping the A blocks by separately reacting said A blocks with a difunctional ditsocvanate in which 
one isocyanate moiety is at least about five times as reactive with the terminal hydroxyl group of the A blocks 
as the other isocyanate moiety, whereby the more reactive isocyanate moiety tends to react with the terminal 
hydroxyl group of the A blocks, leaving the less reactive isocyanate moiety free and unreacted, and 

adding di-, tri- or tetrafunctional B block to the end-capped A blocks at approximately the stoichiometric 
ratios that they are intended to be present in the thermoplastic elastomer such that the free and unreacted 
isocyanate moiety on the end-capped A block reacts with a functional moiety of the B block to produce ABA or 
A n B thermoplastic elastomers. 


This is a reprint to rectify errors introduced in the course of reproduction - correct :ext printed - 09.06.1997. 
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METHOD OF PRODUCING THERMOPLASTIC ELASTOMERS 
HAVING ALTERNATE CRYSTALLINE STRUCTURE 
SUCH AS POLYOXETANE ABA OR STAR BLOCK 
COPOLYMERS BY A BLOCK LINKING PROCESS 

The present invention relates to an improved novel 
method for producing thermoplastic ABA or A n B type polymers 
which are useful as binders in high-energy compositions, such 
propellants, explosives, gasifiers, or the like. 


BACKGROUND OF THF INVENTION 

Solid high-energy compositions, such as propellants, 
explosives, gasifiers, or the like, comprise solid particulates, 
such as fuel particulates and/or oxidizer particulates, 
dispersed and immobilized throughout a binder matrix comprising 
an elastomeric polymer. 


Conventional solid composite propellant binders utilize 
cross-linked elastomers in which prepolymers are cross-linked by 
chemical curing agents. As outlined in detail in U.S. Patent 
4,361,526, there are important disadvantages to using 
cross-linked elastomers as binders. Cross-linked elastomers 
■ust be cast within a sh rt period of tine after addition of the 
curativm, which time period is known as the -pot life". Disposal 
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of a cast, cross linked propel lant composition is difficult. 

xcept by burning, which poses environmental problems. 
Furthermore, current state-of-the-art propel lant compositions 
have serious problems that include, but are not limited to: use 
of nonenergetic binders, high end-of-mlx viscosities, thermally 
labile urethane linkages, and extreme vulnerability to 
unscheduled detonation. 

Cross-linked elastomers in which prepolymers ere 
polyethers derived from oxetane derivatives and tetrahydrofuran 
(THF) are described in U.S. Patent 4,483,978, issued to Manser. 
U re thane curing is achieved with isocyanates and additional 
cross-linking agents. 

In view of inherent disadvantages of cross-linked 
elastomer ic polymers as binder materials, there has been 
considerable interest in developing thermoplastic elastomer 
suitable as binders for solid, high-energy compositions. 
However, many thermoplastic elastomers fail to meet various 
requirements for propellent formulations, particularly the 
requirement of being processlble below about 120 *C, it being 
desirable that a thermoplastic elastomeric polymer for use as a 
binder in a high-energy system have a melting temperature of 
between about 60 *C and about 120 'C. The lower end of this range 
relates to the fact that the propellent composition may be 
subject to somewhat elevated temperatures during storage and 
use, and it is und sirable that ignificant softening of the 
pr P«llant composition occur. The upper nd of this rang is 
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determined by the instability, at elevated temperatures, of many 
components which ordinarily go into propellant compos i t icns , 


particularly oxidizer particulates and energetic plasticizers. 
Many thermoplastic elastrmers exhibit high melt viscosities 
which preclude high solids loading and many show considerable 
creep and/or shrinkage after processing. Thermoplastic 
elastomers (TPE's) typically obtain their thermoplastic 
properties from segments that form glassy domains which may 
contribute to physical properties adverse to their use as 
binders. Thermoplastic elastomers are block copolymers with the 
property of forming physical cross-links at predetermined 
temperatures. The classical TPE, e.g., Kraton, obtains this 
property by having the glass transition point of one component 
block above room temperature. At temperatures below 109*C, the 
glassy blocks of Kra ton form glassy domains and thus physically 
cross -link the amorphous segments. The strength of these 
elastomers depends upon the degree of phase separation. Thus, 
it remains desirable to have controlled, but significant, 
immiscibility between the two types of blocks, which is a 
function of their chemical structure and molecular weight. On 
the other hand, as the blocks become more immiscible, the melt 
viscosity increases, thus having a deleterious effect on the 
processability of the material. Above-mentioned U.S. Patent 
4,361,526 proposes a thermoplastic elastomeric binder which is a 
block copolymer of a diene and styrene, the styrene blocks 
providing a meltable crystal structure and the diene blocks 
imparting rubbery r elastomeric properties t the copolymer. 
This polymer requires proc ssing vith a olvent; solvent 
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processing is undesirabl in that th propel lant cannot be cas: 
in a conventional manner, e.g. , into a rocket motor casing. 
Further-acre, solvent-based processing presents problems with 
respect to reaoval and recovery of solvent. 

It has been proposed to produce thermoplastic 
elastomers having both A and B blocks, each derived from cyclic 
ethers , such as oxetane and oxetane derivatives and 
tstrahydrofuran (THF) and tetrahydrofuran derivatives. The 
aonoaer or coabination of sonoaers of the A blocks are selected 
for providing a crystalline structure at usual aabient 
temperatures, vhereas the aonoaer or coabination of monomers of 
the B blocks are selected to ensure an aaorphous structure at 
usual aabient teaperatures . Such proposed thermoplastic 
elastoaers (TPE's) include ABA triblock polymers, (*B) n 
polymers in which A and B blocks alternate and A n B star 
polymers in which several A blocks are linked to a central, 
multi-functional B block. Such TPE's are thought to be highly 
suitable for use in binder systems for high-energy compositions, 
such as propellents, explosives, gasiflers, or the like. Th A 
and B blocks of such polymers are mutually miscible in a melt of 
the polymer. The melt viscosities of such a TPS decreases 
rapidly as the temperature is raised above the melting point of 
tha crystalline A blocks, contributing to its processabil ity . 
Furthermore, a thermoplastic elastomer based upon crystalline 
domains exhibits advantageous solvent-resistance and minimal 

etup shrinkage. Such a TPS can be f rmulated t have a melting 
temperature which falls within a d sirabl 60 # C t 120 # C range, 
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to be ch mically stable up t 120'C and above, to have a lew 
.•nolt visccsity, to be compatible with .existir.-j cc-pcr.e.v. s of 
high-energy ccmpos itions, to retain aechanical integrity when 
filled with solids up to 90 percent w/w. and to have a glass 
transition temperature below -20*C and even below -«0'C. 

Two methods have been previously proposed for producing 
such TPE's. According to one proposed method, ABA triblock or 
(A8) n polymers may be joined together through a block linking 
technique in which a linking moiety, such as phosgene or an 
isocyanate, is reacted with both ends of the middle (B) block 
and the end (A) blocks are subsequently reacted with the linking 
group (x). Generally the reaction is: 

B ♦ 2x — » xBx 2A » AxBxA or B ♦ 2x — ► xBx -A- » <AB)„. 

n 

According to the other proposed method, an ABA polymer 
is forved by systematic monomer addition. For example, the A 
monomer may be reacted with an initiating adduct to form an A 
block by cationic polymerization and the reaction allowed t 
proceed until monomer A is substantially exhausted. Then th 
monomer or monomers of block B are added and polymerization 
proceeds from the active end of block A. When the monomers f 
block B are substantially exhausted, additional monomers of 
block A are added, and polymerization proceeds from the active 
end of block B. The reaction is represented by the equation: 
A(monomer) — ► A (active polymer) B fionoxr) » AB(active 
POly» r) A( B vn°mer) , ^ triblock polymer. 
Alt matively, a di functional initiat r could be used t 


BAD ORIGINAL 



BIMSDOCID: *GB 2307688A_IA> 


6 


1 


nitiat the polymerization of the B block. When the A block is 
added, the pol/aer i *at i ;n wculd proceed frca both active ^ris <• ' 
the B block. The reaction is repres nted by the guation: 
B( monomer) — -» B(difunctionally"activ« polymer) A(aoncmer) t 
ABA triblock polywr. By selection of appropriate block 
functionality or by repetition of steps, these method, are also 
proposed as being suitable for producing (AB) n polymers and 
A n B star polymers. 

Both of these methods of producing polyether TPE's have 
proven less than satisfactory. Joining of A and B blocks is 
found to be minimal at best by cither of the two methods 
described above; accordingly, an improved process for producing 
TPE's having both crystalline A polyether blocks and amorphous B 
polyether blocks is desired. 

In accordance with U.S. Patent 4,806,613, issued to 
Robert Wardle, a three stage method is provided for forming 
thermoplastic elastomers having polyether crystalline A blocks 
and polyether amorphous B blocks. Each of the polyether blocks 
A and B are individually synthesized. The A blocks and B blocks 
are each separately end-capped with a diisocyanate in which ne 
isocyanate moiety is substantially more reactive with active 
groups on the blocks than is the other isocyanate moiety. 
Finally, the end-capped blocks are mixed and reacted with a 
di functional linking chemical in which each function on th 
linking chemical is isocyanate-r active and sufficiently 
unhindered t react with a free isocyanate moiety n a capped 
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block. However, to link difunctional A and B blocks and forTn 
exclusively ABA elastomers by controlling sto ich io^et ry of the 
blocks is statistically unrealistic. 

It is highly desirable that an even lore effective, 
efficient and simpler method be available for unambiguously 
producing such thermoplastic ABA and A n B elastomers having 
polyether crystalline A blocks and polyether amorphous Q blocks, 
which process does not require three stages, does not require 
the use of the difunctional linking compound of U.S. Patent 
4,806,613, and can produce substantially exclusively ABA or 
A n B elastomers. 


SUMMARY OF THE TMVKWTTOM 

In accordance with the present invention a novel one 
pot method is provided for forming thermoplastic elastomers 
having polyether crystalline A blocks and a polyether amorphous 
B block. After individual synthesis of mono functional A blocks 
and di-, tri- or tetrafunctional B blocks, the monofunct ional 
crystalline A block is end-capped with a difunctional isocyanate 
in which one of the isocyanate moieties is substantially mor 
reactive with the functional group on the blocks than is the 
other diisocyanates moiety, whereby the more reactive isocyanate 
moiety tends to react the functional group of the A blocks, 
leaving the less r activ isocyanate moi ty free and unreacted 
and thereafter adding di- # tri* or tetrafuncti nal B blocks t 
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the end-capped A blocks at approximately the stoichiometric 
ratios th y are intended to te present in the therrocplast ic 
elastomer such that the free and unreacted isocyanat moiety on 
the end-capped sonofunct ional A block reacts with a functional 
moiety of the B blocks to produce ABA and A^B thermoplastics 
elastomers. 


DETAILED DESCRIPTIQW OF CgRTAIff PRgFgftftFD PfBODTMElfTS 

The method of the present invention is directed t 
producing thermoplastic elastomeric polymers, in which at least 
one B block is flanked by at least one pair of A blocks. Th A 
blocks are crystalline at temperatures below about 60 *C and 
preferably at temperatures below about 75 *C; the B blocks are 
amorphous at temperatures down to about -20 *C and preferably 
down to about -40 # C Each of the A and B blocks are polyethers 
derived from cyclic ethers, including oxetane and oxetane 
derivatives and THF an THF derivatives. The polymers melt at 
temperatures between about 60*C and about 120*C and preferably 
between about 75 *C and about 100 'C. The A and B blocks ere 
mutually miscible in the melt; consequently, the melt viscosity 
of the block polymer decreases rapidly as the temperature is 
raised above the melting point, whereby high energy formulations 
may include high solids content, e.g., up to about 90% by weight 
of solid particulates, and be easily processed. The invention 
includes TPE block polymers, such as ABA triblock polymers and 
A n B star polymers. C ntributing t the mi cibility f the A 
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and B blocks is their similar chenical structure. Oxetane and 

tetrahydrofuran (THF) aonccer units used in foming the blocks 
of the present invention have the general fomula: 



L 




R 

wherein the R groups are the saae or different and art sol acted 
froa aoiatias having tha genaral foraula: -(CH 2 ) n X, where n 
is 0-10 and X is selected froa the group consisting of -H, 
-N0 2 , -CN, -CI, -f, -O-alJcyl, -OH, -I, -ONOj, 
-M(M0 2 )-alkyl, -C-CH , -Br, -CH-CH(H or alkyl), -0-CO-(H or 
alXyl), -C0 2 -(H or alkyl), -M(H or alkyl) 2 , 
-O-(CH 2 ) 1 . 5 -O-(CM 2 ) O _ 0 -CH 3# and -N 3< 


Exaaples of oxetane used in forming block polyaers in 
accordance with the invention include but are not liaited to: 


BEMO 


BMMO 

BDflO 

HMMO 

BAOMO 

BHMO 

0KMO 

BHEMO 

QOfO 


3, 3-bis (ethoxyaethyl) oxetane, 

3 , 3-bis (chloroaetbyl ) oxetane , 

3 , 3 -bis (aethoxyaethyl ) oxetane , 

3 , 3-bis ( f luoroaethy 1 ) oxetane , 

3-hydroxyaethyl-3-Bethyloxetan«, 

3, 3 -b is (acetoxyaethyl) oxetane, 

3 , 3-bis (hydroxyaethy 1 ) oxetane , 

3 -oct oxyae thy 1 - 3 -ae t hy 1 oxa t a ne , 

3 , 3-bis (aethoxyethoxyaathyl) oxetane, 

3 -chl or oae thy 1-3 -a*, thy 1 oxetane , 
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AMMO 

BIMO 

IMMO 

PMMO 

BHMO 

NMMO 

BMKAMO 

MNAMMO 

BAMO 


3-az idomethy 1 -3 -me thy loxetane , 

3- 3 -b is ( iodoroethy 1 ) oxetane , 

3- iodomethy 1 -3 -me thy loxetan , 

3 -pr opynome thy 1 me thy 1 oxe tane , 

3, 3-bis(nitratomethyl) oxetane, 

3-nitratooe thy 1-3 thy loxetane, 

3 , 3-bis (methylnitraminomethyl ) oxetane , 

3-methylnitraminoeethyl-3 -aethyloxntan , 

and 

3 , 3 -bis (azidome thy 1) oxetane. 


Forming TPE's in accordance with the invention requires 
(1) formation of a polymer, which is to serve as the A blocks , 
that is crystalline in nature with a relatively elevated melting 
point, i.e., between about 60*C and about 120*C, preferably near 
80 # C and (2) formation of a polymer, which is to serve as the B 
block, that is amorphous in structure having a glass transition 
temperature (T g ) below about -20 *C and preferably below about 
-40 # C. 


Examples of suitable crystalline A blocks include 
polyBEMO, polyBKMO and polyBFMO. Both polyBEMO and polyBMMO 
melt at between 80"C and 90*C, and polyBFNO has a melting point 
of about 105 'C. These crystalline homopolymers may be selected 
as A blocks according to the particular binder requirement . 
For example, polyBMMO has a higher ether oxygen content than 
polyBEMO, which Bay be advantag ous in particular applicati ns. 
Although the 80 # C t 90*C melting point of polyBMMO and polyBEMO 
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are generally preferred, the higher melting temperature of 
polyBFMO may be preferred in particular binder applications. 
Also polyBFMO has a higher density than either pclyBEMO :r 
polyBMMO which May suit particular binder applications. 


The advantage of crystalline hard block is shown in the 
dynamic mechanical property Table below. 


HPS DATA 



t«pp r?) 

C 

G- 

1 

25 

363400000 

52500000 

2 

30 

3186000OO 

4 7900000 

3 

35 

277200000 

4 3300000 

4 

40 

233000000 

36000000 

5 

45 

181700000 

31300000 

6 

50 

13380O0O0 

24300000 

7 

54 

107500000 

20400000 

8 

56 

97400000 

18700000 

9 

58 

87100000 

17000000 

10 

60 

76600000 

15200000 

11 

62 

66500000 

13400000 

12 

64 

57300000 

11800000 

13 

66 

46700000 

9800000 

14 

68 

36500000 

7800000 

15 

70 

264OOO00 

5700000 

16 

72 

16000000 

3560000 

17 

74 

6200000 

1440000 

18 

76 

400000 

160000 

C - 

Storage Modulus 



G" - 

Loss Modulus 




This Table shows that a TPE containing a crystalline block 
saint a ins good aechanical properties to within a very few 
degrees of the Belting point. At the Belting point, the 
aat rial oftens and flows with a relative low viscosity. 
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The soft or amorphous B block is selected from 
hcmopol yxers and copolymers (or higher number mixed polpers) 
found to have low glass transition temperatures. An important, 
class of amorphous blocks in accordance vith the invention are 
copolymers of THF and simple oxetane monomers , including those 
monomers which form the crystalline homopolymers described 
above. For example, THF/BEMO, THF/BMHO and THF/BFMO copolymers 
have been found to be amorphous at ambient temperatures,, having 
low glass transition temperatures. The physical characteristics 
of these copolymer blocks depend upon the relative proportions 
of THF and the oxetane monomer, the molar ratios ranging from 
between 20 and about 80 percent THF monomers. 

Oxetanes having long or bulky side chains may be 
copolyaerized vith THF to provide B blocks which are "internally 
plasticized". That is, the side chains (R) sterically hinder 
close packing of polymer chains, contributing to low viscosity 
and low Tg of the copolymer. Two oxetane monomers which 
provide internal plasticization in a THF/oxetane copolymer are 
OKMO and BKEMO. Again, the THF: oxetane molar ratio ranges from 
about 80:20 to about 20:80. 

In addition, homopolymers and copolymers of various 
energetic oxetanes exhibit amorphous characteristics. B blocks 
formed with energetic polymers are useful in forming energetic 
thermoplastic elastomers. High energy polymers and copolymers 
includ , but ar not limited t , polyNMMO, poly BAMO/ AMMO, 
po 1 y BAMO/HMMO and poly AMMO, th monomers used t form the 
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copolymers being used throughout the entire spectrum of molar 
ratios, depending upon the physical and energetic 

characteristics requir d of the B block. In using the energetic 
homopolymer or copolymer B blocks to form (AB) block pollers, 
it nay be preferred to use non-energetic A blocks, such as the 
polyBEMO, poly&MMO and polyBFMO blocks, described above, in 
order to ensure low vulnerability of the high-energy composition 
formed therefrom* However, where higher energy binders ar 
desired or required, it is considered to be within the scope of 
the present invention to have A blocks similarly formed with 
high-energy monomers. An example would be polyBAMO. 

The properties of the block polymer depends upon th 
molecular weights of the individual blocks and the total 
molecular weights. Typically the A blocks have molecular 
weights ranging from about 3000 to about 12500 whereas the B 
blocks have molecular weights ranging from about 5000 to about 
50,000. Preferably, the A blocks are shorter than the B blocks , 
the total molecular weights of the A blocks typically ranging 
from about 1/5 to 1 times the molecular weight of the B block in 
an ABA triblock polymer or the molecular weight of B blocks in 
an A n B star polymer. Typically, the A blocks will have 
generally similar size. The preferred sizes of the A and 8 
blocks for any particular binder application must be empirically 
determined. 


Thermoplastic lastomers produced in accordance with 
th pre nt invention are admixed with ther components of a 
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high-energy formulation, such as a propellant formulation. The 
binder systea, in addition to the TPE, say optionally ccntain a 
plasticizer at a plast icizer-to-TPE ratio of up to about 2.5:i, 
suitable high-energy plasticizers including nitroglycerine, 
butanetriol trinitrate (BTTW) , and trisethylolethane trinitrat 
(TMETH) . If the block TPE is internally plasticized, e.g., with 
OKMO or BEMO as described above, there is less need for external 
plasticizers, although high-energy nitroester plasticizers may 
be used to enhance the energy value of the binder system as a 
whole. The binder systea aay also contain a ainor aaount of a 
wetting agent or lubricant that enables higher solids loading. 

The solids content of the high-energy composition 
generally ranges froa about 50 wt. percent to about 90 wt. 
percent, higher solids loading generally being preferred so long 
as this is consistent with structural integrity. The solids 
include fuel aaterial particulates, such as ammonium 
perchlorate, cyclotetraaethylene tetranitraaine (HKX) and 
cyclotriaethylene trinitraaine (RDX) . In addition, the 
high-energy composition aay include ainor aaounts of additional 
components known in the art, such as bonding agents, bum rate 
modifiers, etc. 

The thermoplastic elastomer may be mixed with the 
solids and other components of high-energy formulation at 
temperatures above its melting temperature. Blending is done in 
conventional mixing apparatus. Because of the low vise ities 
of the molt n polymer, no solvents are required for blending or 
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other processing, such as extrusion. An advantage of using 
thermoplastic elastomers for binders is nixing, although from ar. 
energy efficiency standpoint, this is generally desirable. 

An important advantage of having a propel lant which is 
meltable is that the propellant from an outdated missile can be 
melted down and reused . At the time of such remelting, the 
propellant aight be reformulated, e.g., by addition of 
additional fual or oxidizer particulates. Accordingly, the 
thermoplastic elastomer of the propellant composition provides 
for its eventual recycle, as opposed to the burning required for 
disposal of cross-1 inked propellant compositions. Because th 
thermoplastic propellant does not have a "pot life", there is no 
limitation to the time of casting, and if any problems develop 
during casting, the process can be delayed as long as necessary, 
merely by maintaining the propellant formulation in molten form. 

Por the process of this invention it is necessary t 
obtain mono functional A monomer blocks. Such mono functional A 
monomer blocks may be formed according to the cat ionic 
polymerization process taught in copending Application Serial 
Number 07/323,588 filed March 14, 1989 and assigned to Thiokol 
Corporation, the disclosure of which is incorporated herein by 
reference thereto. The di-, tri- or tetra functional B monomer 
blocks may also be produced according to the process described 
in said Application 07/323,588 as veil as by any other suitable 
polymerization technique, such as for xample by the technique 
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taught by Manser et al. in U.S. Patent 4, 293, 199 and in t.^e 
atcve-ment ioned U.S. Patent 4,483,978. 


functional hydroxy 1 groups on the alcohol generally determines 
the functionality of the polymer chain which grovs therefrom; 
thus, a diol will give rise to a difunctional polymer, a triol 
to a trifunctional polymer, etc. Preferably, the hydroxy 1 
groups of the polyol are generally unhindered. Suitable diols 
include, but are not limited to ethylene glycol, propylene 
glycol, 1, 3, -propanediol, and 1 , 4-butanediol . Suitable triols 
include, but are not limited to glycerol, trimethy lopropane and 
1 , 2 , 4-butanetriol . Suitable tetraols include, but are limited 
to, pentaerythritol and 2 , 2 ' (oxydimethylene) bis (2-ethyl - 1 , 3 , - 
propanediol), the latter being preferred. 


monofunctional alcohol as an initiator* Although a simple alkyl 
alcohol, such as methanol or ethanol, will give rise to some 
monofunctional polymer, it is found that superior results ar 
achieved if the initiator alcohol is a primary alcohol with the 
hydroxy 1 group on a carbon vicinal to an unsaturated bond. 
Examples of preferred monofunctional alcohol initiators ar 
benzyl alcohol and allyl alcohol. Good yields of monofunctional 
polymer with low polydispers ity are achieved through such 
initiators. 


The polymers are grovn from an alcohol. The number of 


A monofunctional polymer may be formed using a 
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In accordance with the novel method of the invention. 


thermoplastic elastomers are produced which contain both 
crystalline polyether A blocks and amorphous polyether B blocks 
with at least one pair of A blocks flanking at least one B 
block. The monofunct ional A blocks and polyf unct ional B blocks 
are each synthesized separately. The sonofunctional crystalline 
A block is then end-capped with a di functional isocyanate. The 
diisocyanate has one isocyanate mo iety which is substantially 
■or* reactive with the terminal functional groups on the blocks 
than is the othar isocyanate soaity, whereby the aora reactive 
isocyanate aoiaty tends to react tha functional group of th A 
block, leaving the less reactive isocyanate moiety free and 
unraactad and thereafter adding di-, tri* or tatrafunctional B 
blocks to the end-capped A blocks at approximately the 
stoichiometric ratios thay are intended to ba present in the 
thermoplastic elastoaar such that the free and unreacted 
isocyanate aoiety on the end-capped aonof unct ional A block 
reacts with a functional aoiety of tha B blocks to produce ABA 
and A^B thermoplastics elastomers. 


described above, have terminal hydroxyl functions which are 
reacted with the di isocyanates in accordance with the 
invention. An important aspect of the invention is that the 
end-capping diisocyanate compound have two isocyanates aoieties 
and that one of the isocyanate moieties substantially more 
reactive with the terminal hydroxy 1 moieties f the polymer 
blocks than the other isocyanate moi ty. One of the problems 


Oxetane and THF/oxetane polymer blocks, synthesized as 
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with linking these types of polymer blocks is that oxetar.e 
derived hydrrxyl end groups units have neccentyl structures, 
whereby the terminal hydroxyl moieties are substantially 
hindered. The diisocyanate is selected so that one of the 
isocyanate groups reacts with a terminal hydroxyl group of a 
mono functional polymer block while the other isocyanate moiety 
remains free and unreacted. Oiisocyanates are used because 
isocyanates of higher functionality would result in undesirable 
cross -linking. The different reactivities of the isocyanate 
moieties is necessary to ensure that substantial chain ext nsion 
through linking of like blocks does not occur. Thus, for 
purposes of this invention, one isocyanate moiety of the 
di isocyanate should be approximately five times more reactive 
with terminal hydroxyl groups of oxetane and THF/oxetane blocks 
than the other group* Preferably one isocyanate moiety is at 
least about ten times sore reactive than the other. 

One di isocyanate which is especially useful for 
purposes of the invention is 2,4 toluene di isocyanate <TDI) in 
which the isocyanate moiety in the 4 position is substantially 
sore reactive with hindered terminal hydroxyl moieties than the 
isocyanate eoiety in the 2 position. Isophorone diisocyanate 
(IPOI) is suitable for some applications, though less so than 
TDI. Examples of di isocyanates which have not worked well 
include dlphenylmethylene diisocyanate (KDI) and hexamethy lene 
diisocyanate (HDI) . 
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In the end-capping reaction, the diisocyanate is used 


at approximately a stoichiometric aolar amount, preferably a 
slight *olar excess, relative to terminal hydroxyl group on the 
monofunctional polymer chain. Thus, approximately one aolar 
equivalents, e.g., .9 to 1.1 aolar equivalents of diisocyanate 
are used. In the ideal reaction, all of the more reactive 
isocyanate moieties would react with the terminal hydroxyl grou 
of the A blocks, leaving all of the less reactive isocy^nat 
moietiem free. Thus, the end-capping reaction may be maximized 
for particular A polymer chains by some adjustment in the 
relative molar ratios of polymer block and diisocyanate. 


diisocyanate, there is no competition of the B blocks for 
diisocyanate molecules, and end-capping reaction of the A blocks 
may be carried to substantial completion. The diisocyanate may 
react more rapidly with one A block than the other, but this 
difference can be compensated for by a longer reaction time with 
the slower reacting block. The reactivity of the terminal 
hydroxyl groups varies according to steric factors and also 
according to side-chain moieties. Energetic oxetanes, for 
example, generally have side-chain moieties that are 
electron-withdrawing, making their terminal hydroxyl groups less 
reactive. Once end-capped with diisocyanate, the reactivities 
of the A block polymers for linking purposes is essentially 
dependent only upon the reactivity of the free isocyanate — not 
on the chemical makeup of th A polymer chain itself. 


Because the A blocks are first reacted with the 
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The end-capping reaction can be and preferably is 
carried out in a suitable solvent, i.e., on which dissolves tr.e 
A block polymer and does not react with the free isocyar.ata 
moieties. The reaction is promoted by a suitable urethane 
catalyst. Levis acid catalyst and protic acid catalysts ar 
generally suitable. A preferred class of catalysts are organic 
tin compounds vith at least one an preferably tvo labile groups, 
such as chloride or acetate, bound directly to the tin. One 
suitable tin catalyst is diphenyl tin dichloride. 

Di-, tri- or tetra functional B block polymers are then 
added to and allowed to react with the resulting isocyanate 
terminated A blocks to form the desired thermoplastic ABA or 
A^B elastomers. 

The di-, tri- or tetra functional B block polymer is 
added to the elastomers isocyanate-terminated A block polymers 
in an amount such that the total number of B polymer functional 
groups approximately equals the number of free isocyanate 
moieties on the end-capped blocks. 

For example, a monofunctional hard block, typically 
BAMO, is allowed to react with a slight solar excess of 
2 , 4-toluenedi isocyanate (2,4-TDI) in the presence of a catalytic 
amount of diphenyltin dichloride. The large differential 
reactivity of the two isocyanate functionalities, estimated at a 
factor of 26. 6 when reacting with an unhindered alcohol, 
precludes any measurable dimerization reacti n from occurring. 
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The resulting isocyanate-terrainated polymer is then allowed to 
react vith a difunctional or higher functionality soft block 
such as AKMO or 3 -ne thy 1 - 3 - ( n i t ra tome thy 1 ) oxetane (NKMO) , These 
soft blocks are particularly advantageous because the relatively 
high reactivity of the hydroxy 1 endgroups allows the 
condensation reaction with the less reactive isocyanate of 
2,4*TDI to proceed at a reasonable rate. The progress of the 
reaction can be monitored by both 300 KHz X H WMF and FTJR. 
These two analytical methods complement and corroborate each 
other well in this instance. The progress of the isocyanat 
plus alcohol reaction to afford urethane can be followed 
easily. In 1 H MMR spectra, the methylene adjacent to the 
terminal alcohol has a signal distinct from that same methylene 
when adjacent to a urethane linkage. These two absorbences can 
be quantified and compared. During the course of a reaction, 
the conversion of alcohol termini to urethane linkages can be 
followed. The carbonyl absorbences of the isocyanate moieties 
in 2,4-TDI and in the urethane resulting from the condensation 
of these functional groups with oxetane terminal alcohols are 
well-defined and strong in an TTIR spmctzrum, even at the low 
concentration present in this reaction. This allows, parallel 
monitoring of the a lcohol-to-urethane reaction by 1 H KMR and 
the observation by FTIR of the conversion of the isocyanate to 
urethane based on carbonyl absorbences. Together these methods 
provide strong evidence that the intended block linking reaction 
is proceeding as intended. Table I contains data obtained from 
the analysis of the product of a repr entative linking 
reaction. 
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TABLE I 


Representative Results from the Preparation of 
ABA Materials by Block Linking* 


Preoar. 

Ratio 
(AMMO/ 
BAMO) 

KV 

CPC 

DiffP 

HMR 

m 

End- 
groups 
(AMMO/ 
BAMO) 

Block 
Faster Index 

Hydr 

A 

100/0 

12.4 

6.0 

2.06 

7.3 

100/0 

0 100 

3546 

B 

0/100 

5.7 

3.1 

1.85 

3.2 

0/100 

50 100 

3521 

C 

60/40 

15.5 

8.1 

1.92 

12.6 

6/94 

20 100 


Theory 

60/40 




14.1 

0/100 

20 100 



Mv, Hn and HMR MW are given in thousands. The block factor 
is the difference between the reaction of triads resulting fr a 
BAMO- BAMO- BAMO and BAMO— BAMO- AMMO , as eeasured by the fully 
relaxed 1J C HMR of the quaternary carbons in the polymer, 
divided by 2. The block index is the sua of the integration of 
the absorbences of all BAMO- BAMO- BAMO triads and AMMO-AMMO-AMMO 
triads divided by the total number of triads. The BAMO 
"endgroups" in the final product are the initiating alcohol used 
to prepare the aono functional BAMO hard block. These data sh w 
that the reaction proceeds without a significant increase in 
polydispersity. Determination of the hydroxy 1 equivalent weight 
in the product by a titration Method was not possible due to 
interference with the test eethod by the -NH- aoieties of the 
urethane linkages. 


BAD ORIGINAL 


BN50OCID: <GB 2307688 A_l A > 


- 23 - * 

The CPC molecular weight increased significantly while 
the pol yd ispe rs i ty of the product is intermediate between t^-.e 
two starting materials. This shows that the linJci*\g reaction 
was largely successful and that side reactions were not 
significant. The *H WMR molecular weight, and endgroup type 
are both based on the observation that nearly all the terminal 
alcohol groups were converted to urethanes leaving the pendant 
chain of the alcohol used to initiate the monof unct ional . 
polymerization of BAMO am the major endgroup. In the case of a 
block linking reaction, the 13 C NKR block data is somewhat 
trivial as the polymerizations were carried out separately so 
the existence of perfect block structure is to be expected. 

The invention will now be described in greater detail 
by way of the following specific examples* 

PREPARATION 1 

Preparation of a Monof unct ional BAMO Polvmar 

To a stirred solution of 0.51 ml (4.93 mmol) of benzyl 
alcohol in 23.5 ml of CH 2 Ci 2 were added 0.18 ml (1.488 mmol) 
of boron tri fluoride etherate and 20 g (119.0 mmol) of BAMO were 
added. After 2 68 hours, a small aliquot was removed and diluted 
with CDCL3 NMR analysis showed the reaction to be essentially 
complete. The bulk solution was diluted with SO ml of 
CH 2 C1 2 and 25 ml of saturated aqueous NaHCO^ . The phases 
were separat d and the aqueous phas was extracted with 
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50 ml of CH 2 Cl2- ^ n combined organics were dried (MgS0 4 ) 
then the solvent was reacved under reduced pressure to afford 
white, crystalline solid. The BAMO polymer product exhibited 


the following physical properties: 

Property value 

Hydroxy 1 Equivalent Weight 3521 

NMR Molecular Weight 3200 

GPC Mw S700 

GPC Mn 3100 

CPC Mw/Mn 1.85. 


PREPARATION 2 

Preparation Of Polyfunction *! AMMO Polvagr 

To a stirred solution of 0.60 g (6.66 maol) butan diol 
and 0.473 g (3.33 aaol) boron trifluoride etherate in 113.56 ml 
CH 2 C1 2 wer- add « d «0 9 (472.4 uol) AMMO. After 30 minutes 
the reaction mixture started to reflux and was cooled with an 
ice bath to stop reflux. The ice bath was removed after t n 
minutes and the reaction permitted to proceed. The reaction was 
quenched after 75 hours and the AMMO product isolated. The 
product has the following properties: 


ProDerty 

value. 

Hydroxy 1 Equivalent Weight 

3546 

GPC Mw 

12400 

CPC Mp 

9670 

CPC Mn 

6O10 

GPC Mw/Mn 

2.06. 
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P REPARATION 3 

Preparation <- 1 a Poly f unct ional VKXO Polvaer 

To a stirred solution of 0.09016 g (1.0 aunolj 
butanediol and 0.50 ml (0.5 aaol) Et 3 OBP 4 in 4 3 ml of 
CH 2 C1 2 vera added 30 g (204.1 uol) WKMO and heated to 
reflux under nitrogen until the reaction was about 95.3% 
completed. Work up of the reaction product produced a NHMO 
polymer having the following properties: 

Property value 

GPC Mp 17600 

Gpc Mw 214 00 

GPC - l 88 50 

GPC Mw/Mn 2 .4 2 . 


PREPARATIOM 4 

Preparation of Kono functional bamo Poi^r 

To a solution of 0.556 g (5.142 uol) benzyl alcohol 
and 0.213 g (0.8570 maol) Et 3 OPF 6 in 35.23 al CH 2 C1 2 was 
added 30 g (17.84 maol) BAMO . After a few ainutes the reaction 
had a violent reflux. The reaction was cooled down to room 
teaperature and stirred. After 2\ hours a KKR saaple was taJcen 
and evidenced a 96% reaction completion. Work up of the 
reaction product yielded a aono functional BAMO polymer having 
the following properties: 
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Property Va lue 

CPC Mp 7 5 30 

CPC Mw 96 4 0 

GPC Kn 4800 

GPC Mw/Mn 2 .01. 


PREPARATION 5 

Preparation of a Mono functional BAMO PolvBgr 

To a stirred solution of 1.11 il (10.7 naol) benzyl 
alcohol and 0.250 g (5.35 al) boron trifluoride etherate in 
97.59 al CH 2 C1 2 vera added 36.36 g (267.9 uol) BAMO. After 
about 21 3/4 hours the reaction was quenched and worked up by 
adding 200 ml CH 2 C1 2 , 100 al of saturated aqueous HaHC0 3 . 
The phases vere separated and the NaHCO^ aqueous phase was 
extracted with 150 al CH 2 C1 2 . The combined organics were 
dried (MqS0 4 ) then the solvent reaoved under a rotary 
evaporator. The product was washed with hexanes and the product 
again isolated under a rotary evaporator producing a BAMO 
polyner product having the following properties: 


Property Value 

Hydroxy 1 Equivalent Weight 3355 

GPC Mw 4890 

CPC Mp 4230 

CPC Mn 2770 

CPC Mw/Mn 1.77. 
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PREPAF^TIOM 6 

Preparation of a Polvfunct iona 1 >XHO Polymer 

To a stirred solution of 0.85 g (9.449 amol) butanediol 
and 0.67 g (4.745 uol) boron trifluoride etherate in 95.17 ml 
CH 2 C1 2# 60 g (472.4 wol) AMMO were added under nitrogen. 
After 29 hours KKR analysis showed the reaction to be 
essentially complete. To the reaction mixture solution was 
added 100 ml CH 2 C1 2 and 50 ml saturated aqueous NaflC0 3 . 
The phases were separated and the aqueous phase was extended 
with 100 ml CH 2 C1 2 . The combined organic phases were dried 
with MgS0 4 and the solvent stripped off with a rotary 
evaporator to afford the AMMO polymer. The product had the 
following properties: 

Hydroxy 1 Equivalent Height 3125 

GPC Mw 10860 

CPC Mp 7150 

GPC Kn 5040 

CPC Mw/Mn 2.14. 


PREPARATIOH 7 

Preparation of a Mono- functional BAMO Polymer 

To a stirred solution of 0.93 ml (9.0 mmol) of 
butanediol in 35 ml of CH 2 C1 2 were added 0.37 g (1.5 mmol) 
of Et 3 OPP 6 f 11 owed by 30.0 g (179 uol) of BAMO. After 20 
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minut s, the r action mixture is diluted with CH 2 C1 2 and 
saturated aquecus NaHCO ^ . The phases veri separated and the 
aqueous phase vas washed with 50 al of 0H 2 C1 2 . The combined 
organic phases were dried with MgS0 4 and the solvent "was 
removed under reduced pressure to afford thm crystalline BAMO 
polymer . The product had the following properties: 

PfOMrtY Value 
NMR MH 4423 
GPC Kn 3950 
GPC MV 6635 
GPC Mv/Kn 1.68. 


PREPARATION 8 


Preparation of a trlfuncti onsl WMMO Polva#r 

To a stirred solution of 1.15 9 (8.3 uol) of 
t rise thy lol propane in 140 si of CH 2 C1 2 vers added 0.77 si 
(6.25 uol) of BF 3 -OEt 2 followed by 100 g (680 uol) of 
NMHO. After 72 hours, the reaction mixture is diluted with 
100 ml CH 2 C1 2 and 25 si of saturated aqueous NaHCO^ . The 
phases vere separated and the aqueous phase vas washed with 
100 al of CM 2 C1 2 . The combined organic phases vere dried 
with MgSO^ and the solvent vas removed under reduced pressure 
to afford the amorphous NKKO polymer as a clear viscous liquid. 
The product had the following properties: 
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Property value 

Hydroxyl Equivalent Weight 3759 

CPC Mil 8660 

GPC Mw 13530 

GPC Mw/Mn 1 . 56 , 


PRgPARATTOH <f 

Preparation Pf ft tetrafunctlonal mot o Poiva^r 

To a stirred solution of 1.56 q (8.3 mol) of 
2, 2 ' (oxydisethylene)bis(2-ethyl-l, 3-propanediol ) in 140 al of 
CHjClj were added 0.77 ml (6.25 uol) of BF 3 -OEt 2 
followed by 100 q (680 snol) of KMMO. After 24 hours, the 
reaction mixture is diluted with 100 ml CH 2 C1 2 and 25 ml of 
saturated aqueous NaHCOj . The phases were separated and the 
aqueous phase was washed with 100 si of CHjClj. The 
combined organic phases were dried with MqS0 4 and the solvent 
was removed under reduced pressure to afford the amorphous KMMO 
polymer as a clear viscous liquid. The product had the 
following properties: 

Property value 

Hydroxyl Equivalent Weight 3497 

GPC Mn 3630 

GPC Mw 13100 

GPC MV/Mn !.52. 
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EXAMPLE 1 

Rr*3«raticn of an ABA Triblock Pol-/B*r t bamo-ammq-bamoi 

To a stirred solution of 4.0 g (1.24 mmoi) of a 
■ono functional BAMO polymer (Preparation 1) in 8 ml of 
CH 2 C1 2 were added 0.193 al (1.36 uol) of 2 , 4-toluenedi- 
isocyanata and 0.004 g (0.012 naol) of diphenyltin dichloride. 
Aftar 18 hours, X H HHR analysis suggests a high percentage of 
alcohol endgroups had been convartad to ure thanes. FTIR shows 
strong isocyanata and urathana absorbances. To this soluti n 
vara added 4.52 g (0.62 nol) of a difunctional AMMO polymer 
(Preparation 2) in 10 si of CH 2 C1 2 . Aftar 45 hours more, 
PTIR shows no isocyanata absorbance. l H HKR shows that a high 
percentage of AMMO endgroups had reacted. The product was 
isolated by removal of all volatiles under reduced pressure. 
The product exhibited the following properties: 

Property value 
NMR Molecular Weight 12600 
CPC Mw 1550O 
GPC Mn Sloo 
CPC Kw/Mn 1.92. 


EXAMPLE 3 

PwarttUo n Qf an A B A Tribl ock Polwr fBAMO-MMMO-BAMOi 

To a stirred solution of 10.94 g (1.53 aaol) f a 
■onofunctional BAMO polymer (Preparati n 4) dissolved in 25 al 
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of CH 2 C1 2 under nitrogen were added 0. 272 ml (1.91) nunol) of 

2 , 4-toluenediisocyanate and 0.020 g of diphenyltin dichloride. 

After 96 nours, *H NMR analysis demonstrates a high percentage 

of alcohol endgroups converted to ur ethanes . FTIR shows an 

urethane/isocyanate ratio of 0.67. To this solution was added 

13.0 g (0.7« maol) of a difunctional KMMO polymer (Preparation 

3) in 35 ml of CH 2 C1 2 . After 360 hours more FTIR showed 

that no isocyanate groups were left. Th« product was isolated 

*>y precipitation in aethanol to remove the catalyst. The 

product exhibited the following properties: 

Property vaiu* 
•1.0 

E 3484 psi 


8% 


™ 202 psi 

Shore A hardness 53 

OPC Mw 28000 

GPC Mn 11400 

GPC Mw/Mn 246. 


E X A W P L K J 

Preparation of an ABA Trib locK Polymer r bamo- AMMO- BAM cn 

To a stirred solution of 2.0 g (0.S96 mmol) of a 
mono functional BAMO polymer (Preparation 5) dissolved in 8 el f 
CH 2 C1 2 under argon were added 0.093 ml (0.654 uol) of 
2, 4-toluenediisocyanate and a trace amount of diphenyltin 
dichloride. After 24 hours l H NMR analy is showed >95% of the 
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hydroxyl noieti s reacted. FTIR showed an urethane/isocyanate 
ratio of 0.96. To the solution was added 1.8 g (0.297 mnoi) 
AMMO polymer (Preparation 6) in 8 ol CH 2 C1 2 - After 144 
hours sort the PTIR ratio is approximately 7.5. After another 
24 hours the CH 2 C1 2 is gone. The product is redissolved and 
FTIR shows essentially no lsocyanate moieties. The product was 
isolated on a rotary evaporator under high vacuus. The product 
exhibited the following physical properties: 

PTPMrtY. Value 
CPC MW 11200 
CPC Kn 5970 
GPC Hp 95 l0 

CPC Hw/Kn i.83. 


EXAMPLE 4 

Preparation Of a Three-ars Star Polveer - C*!1 B > 

To a stirred solution of 2.2 g (0.50 uol) of a 
eono functional BAMO polymer (Preparation 1) in 10 si of 
CH 2 C1 2 were added 0.085 el (0.60 eeol) of 

2, 4-toluenediisocyanate and approximately 0.004 g (0.012 nnol) 
of diphenyltin dichloride. The reaction was allowed to proc ed 
until X H NMR analysis showed that greater than 90% of the BAMO 
hydroxyl endgroups had been converted to ur ethanes, 1.88 g 
(0.17 Mol) of tri functional NKM0 (Preparation 8) dissolved in 
10 el of CH 2 C1 2 were add d. The reaction was allowed t 
proc ed until FTIR analysis verifi d that all isocyanate had 
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x t , 

been converted to urethane. The reaction mixture was poured 
into 50 ml of methanol and the product isolated by filtration. 
The product had the following properties: 

Property value 

CPC Mn 7930 
GPC Mw 18670 
GPC Hw/Mn 2.35. 

EXAMPLE 5 

Preparation of a Four-ar m Star Polvnner - (A 4 B) 

To a stirred solution of 2.2 g (0.50 maol) of a 
mono functional BAMO polymer (Preparation 7) in 10 ml of 
CH 2 C1 2 were added 0.085 ml (0.60 mmol) of 

2 , 4-toluenediisocyanate and approximately 0.004 g (0.012 maol) 
of diphenyltin dichloride. Thm reaction was allowed to proceed 
until X H KKR analysis showed that greater than 90% of the BAMO 
hydroxy 1 endgroups had been converted to ure thanes, 1.75 g 
(0,12 mmol) of tetrafunctional NMMO (Preparation 9) dissolved in 
10 ml of CR 2 C1 2 were added. The reaction was a 1 loved to 
proceed until PTIR analysis verified that all isocyanate had 
been converted to urethane. The reaction mixture was poured 
into 50 ml of methanol and the product isolated by filtration. 
The product had the following properties: 

PrgPtrtV Value 
GPC Kn 9025 
CPC Mw 21400 


CPC Mw/Mn 2.37. 
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In the above described preparations and experiments 
*H MMR spectra were recorded with a Varian XL- 300 spectrometer 
operating at 300 MHz. 13 C HMR spectra were recorded with the 
sane instrument operating at 75 KHz. Spectra were obtained on 
COCl 3 solutions using residual CHC1 3 as internal standard. 
FTIR spectra were recorded with a Nicolet 20DX on dilute 
CH 2 C1 2 solutions. GPC traces were obtained with a water* LC 
for GPC using THF as the mobile phase and a differential 
ref Tactometer detector. A series of four microstyragel columns 
was used ranging in porosity from 10 5 to 10 2 A- Polyethylene- 
glycoladipate was used as a broad molecular weight calibration 
standard. Hydroxy 1 equivalent weight was determined by reaction 
with tosylisocyanate in THF followed by titration of the 
ur ethane with t -butyl ammonium hydroxide. 

With the foregoing description of the invention, those 
skilled in the art will appreciate that modifications may be 
made to the invention without departing from the spirit 
thereof. Therefore, it is not intended that the scope of the 
invention be limited to the specific embodiments illustrated and 
described. 
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CLAIMS: 


1. A aethod of preparing a thermoplastic elastomer 
having A blocks and at least one B block, wherein said A blocks 
are crystalline at temperature* below about 60 *C and said B 
block is aaorphous at temperatures above about -20 'C, said A 
blocks each being polyethers derived froe aonoaers of oxetane 
and its derivatives and/or tetrahydrofuran and its derivatives, 
the method comprising: 

providing aonofunctional hydroxy 1 terminated A blocks 
which are crystalline at temperatures belov about 60 'C and 
separately providing di-, tri- or tetra functional hydroxyl 
terminated B blocks which are aaorphous at temperatures above 
about -20 *C, 

end-capping said A blocks by separately reacting said A 
blocks with a di functional diisocyanate in which one isocyanate 
aoiety is at least about five tiaes as reactive with the 
terminal hydroxyl group of the A blocks as the other isocyanat 
aoiety, whereby the aore reactive isocyanate aoiety tends to 
react with the terminal hydroxyl group of the A blocks, leaving 
the less reactive isocyanate aoiety free and un reacted, and 

adding di-, tri- or tetra functional B block to the 
end-capped A blocks at approximately the stoichiometric ratios 
that they are intended to be present in the thermoplastic 
elastomer such that the free and unreacted isocyanate aoiety on 
the end-capped A block reacts with a functional aoiety of the B 
block t produce ABA or A^B thermoplastic elast aers. 
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2. The tee t hod according to Claim 1 wherein said 
oxetane mcnomers have the general foriula: 

R 



wherein the R groups art th« saae or different and art selected 

froa bo let lea having the general formula: -(CH 2 ) n X, where n 

is 0-10 and X is selected froa the group consisting of -H, 

-M0 2# -CM, -CI, -T, -O-alkyl, -OH, -I, -ON0 3 , 

-H(K0 2 ) -alkyl, -C^CH, -Br, -CH-CH(H or alkyl), -0-CO-(H or 

alkyl), -C0 2 -(H or alkyl), -H(H or alkyl) 2 , 

-0-(CH 2 ) i.j-O-tCHj^.j-CHj, and -M 3 . 

3. A aethod according to Claia 1 wherein said THF 
aonoaers have the general formula: 

R 



R 


R 


R 


wherein the R groups are the saae or different and are selected 

froa aoieties having the general formula: -(CH 2 ) n X, where n 

is 0-10 and X is selected froa the group consisting of -H , 

-K0 2 , -cn, -ci, -T, -o-alkyl, -OH, -r, -ono 2 , 

-N(M0 2 ) -alkyl, -C-CH, -Br, -CH-CH(H or alkyl), -O-CO- (H or 

alkyl), -C0 2 -(H or alkyl), -M(H or alkyl) 2 , 

-0-(CH 2 ) 1 _ 5 -O-(CH 2 ) 0 _ 8 -CH 3 , and -Nj. 
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4. A method according to Claim 1 wherein said B blcc 
is di-, tri- or tetrafunctional and has a molecular weiqht of 
between about 5000 and about 50,000 and each of said 
monofunctional A blocks has a molecular weight of between about 
3 000 and about 12,500. 


5. A method according to Claim l wherein said 
monofunctional A blocks together have a molecular weight, between 
about 1/3 and about I times the molecular weight of said B block 
or total weight of said B blocks. 

6. A method according to Claim 1 wherein said A block 
is selected from the group consisting of poly (3, 3 -bis (ethoxy- 
methyl)oxetane) , poly (3, 3-bis (aethoxymethyl ) oxetane) , 

poly (3, 3-bis(f luoromethyl) oxetane) , and poly (3 , 3-bis (azido- 
methyl) oxetane) . 


7. A method according to Claim 1 wherein said B block 
is selected from poly (3-azidomethyl-3-methyloxetane) , 
(3-azidomethyl-3-methyloxetane)/3, 3-bis (azidomethyl) oxetane 
copolymer, tetrahydrofuran/3 , 3-bis (azidomethyl) oxetane 
copolymer, tetrahydrof uran/ 3 -az idomethyl -3 -methyl oxetane 
copolymer, tetrahydrof uran/ 3-octoxyme thy 1 -3 -me thy 1 oxetane 
copolymer, tetrahydrofuran/3 , 3-bis (methoxyethoxymethy 1 ) oxetane 
copolymer, tetrahydrofuran/3 , 3-bis (ethoxymethyl) oxetane 
copolymer, tetrahydrofuran/3 f 3-bis (methoxymethy 1 ) oxetane 
copolymer , tetrahydrofuran/3 , 3 -bis ( f luoromethy 1 ) oxetane 
copolymer, poly (3-nitratomethyl-3-methyl xetane) , and 


BAD ORIGINAL 



BNSDOCID: <GB 2307688A„IA> 


4... >' - 38 - 

• • > > 

Claim 7. * Cont'd. 

3,3-bis(az idomethyl oxe tane/3-ni tratonethy 1 - 3-aethyloxet3ne) 
copolymer . 

8. A method according to Claim 1 wherein said oxetane 
monomers are selected from the group consisting of: 
3 , 3 -bis (ethoxymethy 1 ) oxetane , 3 , 3 -bis (chloroaethy 1 ) oxetane , 
3 , 3-bia (methoxymethy 1 ) oxetans , 3,3 -bis ( f luoromethy 1 ) oxetane , 
3-hydroxymethyl-3-methyloxetane, 3 , 3 -bis ( ace toxyme thy 1) oxetane, 
3 , 3 -b i s (hydroxymethy 1 ) oxetane , 3 -octoxymethyl - 3 -me thy loxetane , 
3 , 3 -bis (methoxyethoxymethyl) oxetane, 3-chloronethyl-3-methyl~ 
oxetane, 3 -az idomethyl -3 -methy loxetane , 3-3-bis ( iodomethyl) - 
oxetane , 3- iodomethyl - 3 -methy loxetane , 3 -propynomethy lme thy 1 - 
oxetane, 3 , 3-bis (nitratomethyl) oxetane, 3-nitratomethy 1-3 -methy 1 - 
oxetane, 3 , 3-bls (methy lnitraminome thy 1) oxetane , 3-methyl- 
nitraminomethy 1-3 -me thy loxetane, and 3, 3 -bis ( az idomethyl) - 
oxetane . 

9. A method according to Claim 1 wherein said 
diisocyanate is toluene di isocyanate . 

10. A method according to Claim 1 wherein said 
reactions are each conducted in the presence of an ure thane 
catalyst. 

11. A method according to Claim 1 wherein said B block 
is difunctional whereby an ABA polymer is produced. 
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12. A method according to Claim 1 wherein in said 
end-capping reaction said diisocyanate is provided at between 
about a 0.9 and about a l.l molar ratio in regard to the mols of 
hydroxyl group* in the aonofunctional A block. 

13. A method according to Claim l wherein said B block 
is tri- or tetra functional whereby an A n B star block polymer 

is produced. 


14 


The product of the process of Claim l. 


15. 3, 3-bis(azidomethyl)oxetane/3-azidomethyl-3-methyl- 
oxetane/3, 3-bis(azidomethyl)oxetane ABA triblock polymer 
prepared according to the method of Claim 1. 

1«. 3, 3 -bis (az idomethyl) oxetane/3-nitratomethyl-3- 
aethyloxetane/3, 3-bis (azidomethyl) oxetane ABA triblock polymer 
produced according to the method of Claim 1. 
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Amendments to th claims hav b en filed as f Hows 

1. A method of preparing a thermoplastic elastomer having 
A blocks and at least one B block, wherein the A blocks are 
crystalline at below 60«C and the at least one B block is 
amorphous at above -20«C. said A blocks each being 
polyethers derived from monomers of oxetane and its 
derivatives and/or tetrahydrof uran and its derivatives, the 
method comprising: 

end-capping monof unct iona 1 hydroxy 1-terminated A 
blocks which are crystalline at below 60«C. by reacting the 
A blocks with a difunctional diisocyanate in which one 
isocyanate moiety is at least about five times as reactive 
with the terminal hydroxyl group of the A blocks as the 
other isocyanate moiety, whereby the more reactive 
isocyanate moiety tends to react with the terminal hydroxyl 
group of the A blocks, leaving the less reactive isocyanate 
moiety free and unreacted; and 

adding di-, tri- or tetraf unctiona 1 hydroxyl- 
terminated B block, amorphous at above -20-c, to the end- 
capped A blocks such that the free and unreacted isocyanate 
moiety on the end-capped A block reacts with a hydroxyl 
group of the B block, to produce ABA or A„B thermoplastic 
elastomers. 
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'he icthod according to ciaia 1 -horo;.- 
■5 *.iv* the jor.eral f:riu; ): 

R 

0 



wherein the R groups are the same or different and are selected 
from moieties having the general formula: -(CH 2 ) n X, where n 
is 0-10 and X is selected from the group consisting of -H, 
-N0 2 . -CM, -CI, -P, -O-alkyl, -OH, -I, -ONOj, 
-M(N0 2 ) -alkyl, -C^CH, -Br, -CH-CH(H or alkyl) , -0-CO-(H or 
alkyl), -C0 2 *(H or alicyl) , -N (H or alkyl) 2 , 
-O-(CH 2 ) 1 . 5 -O-(CH 2 ) 0 . 8 .CH 3# and -M 3 . 


3. A aethod according to Claia 1 wherein said THF 
monomers have the general formula: 

R 

R 


L 


wherein the R groups are the saae or different and are selected 

fro« Boieties having the general formula: -<CH 2 ) n X, where n 

is 0-1O and X is selected fro« the group consisting of -H, 

-M0 2 , -CN, -CI , -P. -O-alkyl. -OH, -I, -CNOj , 

-M(M0 2 ) -alkyl , -C=CH, -Br, -CH-CH (H or alkyl), -O-CO- (H or 

alkyl), -C0 2 -(H or alkyl), -H ( H or alkyl) 2 , 

-0-(CH 2 ) i- 5 -O-(CH 2 ) 0 _ g -CH 3 , and -M3. 
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4. A method according to Claim 1 wherein said 3 t' -.-.- 
is di-, tri- or tetrafuncticr.al anj has a aclecuiar vei^ht ct 
between about 5000 and about 50. .00 and each of said 
sonofunctional A blocks has a tolecular weight of between about 
3000 and about 12,500. 


5. A set hod according to Claia 1 wherein said 
■onofunctional A blocks together have a aolecular weight, between 
about 1/3 and about 1 tlaes the Molecular weight of said B block 
or total weight of said B blocks. 


6. A aethod according to Claia 1 wherein said A block 
is selected froa the group consisting of poly (3. 3-bis (ethoxy- 
methyl) oxetane) , poly(3, 3-bis (aethoxyaethyl ) oxetane) , 
poly(3, 3 -bis (fluoroaethyl) oxetane) , and poly (3, 3-bis (azido- 
aethyl ) oxetane) . 

7. A aethod according to Claia 1 wherein said 8 block 
is selected froa poly <3-azidoaethyl-3-a«thyloxetane) , 
(3-azidoaethyi-3-aethyloxetane)/3, 3-bis (azidoaethyl) oxetane 
copolyaer, tetrahydrof uran/3 , 3-bis(azidoaethyl)oxetane 
copolymer, tetrahydrof uran/3-az idoaethyl -3 -aethy loxetane 
copolyaer. tetrahydrof uran/3-octoxynethy 1-3 -aethy loxetane 
copolyaer. tetrahydrof uran/3 , 3-bis (aethoxyethoxyae thy 1 ) oxetane 
copolyaer, tetrahydrof uran/3, 3-bis (ethoxyaethyl) oxetane 
copolyaer, tetrahydrof uran/3 , 3-b is (aethoxyaethyl ) oxetane 
copolyaer, tetrahydrofuran/3 , 3-bis ( f luoroaethyl) xetane 
copolyaer, poly ( 3-nitratoaethyl-3-aethyloxetane) , and 
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C l .3i.ra 7 . * Co nt ' d . 

3 , ) - b l s ( a 2 i J o me t h y 1 cxctjr.e, 3 - n i t r U o^e f . hy i - j - * e t w . . ; a t *. :.o , 
<:cpol ymer . 

8. A method according to Claim 1 wherein said oxetane 
monomers are selected from the group consisting of: 
3 , 3 -bis ( ethoxymethy 1 ) oxetane, 3 , 3 -bis (chloromethy 1 ) oxetane , 
3 , 3 -bis ( methoxymethy 1 ) oxetane, 3 , 3 -bis ( f luoromethy 1 ) oxetane , 
3 -hydroxymethyl -3 -methyl oxetane , 3 , 3 -bis (acetoxymethyl ) oxetane , 
3 , 3 -bis (hydroxymethy 1 ) oxetane, 3 -octoxymethy 1 - 3 -methyl oxetane , 
3 , 3 -b is (methoxyethoxymethy 1 ) oxetane, 3 -chloromethy 1 -3 -me thy 1 - 
oxetane, 3-az i dome thy 1 -3 -me thy 1 oxetane , 3 -3 -b i s ( iod erne thy 1 ) - 
oxetane , 3-iodcmethyl -3 -methyl oxetane, 3-propynomethy 1 me thy 1 - 
oxetane , 3 , 3 -bis ( nitra tome thy 1 ) oxetane , 3 -ni tra tome thy 1 - 3- methyl- 
ox etane, 3 , 3 -bis (me thy lni traminomethy 1) oxetane, 3 -me thy 1 - 
nit raminomethy 1- 3 -methyl oxetane , and 3 , 3 -bis (az idemethy 1 ) - 
oxetane . 

9. A method according to Claim 1 wherein said 
diisocyanate Is toluene d i isocyanate . 

10. A method according to Claim 1 wherein said 
reactions are each conducted in the presence of an urethane 
catalyst . 

11. A method according to Claim 1 wherein said B block 
is difunctional whereby an ABA polymer is produced. 
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12. A a-ethod according to Claia 1 wherein in s.iid 
end-capping reaction said diisocyanate is provided at between 
about a 0.9 and about a 1.1 solar ratio in regard to the -nols of 
hydroxy 1 groups in the aonofunctional A block. 

13. A aethod according to Claia l wherein said B block 
is tri- or tetrafunctional whereby an A n B star block polymer 

is produced. 

14. The product of the process of Claia l. 

15. ^ , 3-bis (aridoaethyl ) oxetane/ 3-azidomethy 1-3 -methyl - 
oxetane/3, 3-bis (az idoaethyl) oxetane ABA triblock polyaer 
prepared according to the set hod of Claia 1. 

16. 3, 3 -bisfaz idoaethyl ) oxetane/3-nitratoaethyl -3- 
aethyloxetane/3, 3 -bis (az idoaethyl ) oxetane ABA triblock polymer 
produced according to the aethod of Claia 1. 
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